Abstract
Introduction
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Phosphorylation is one of the most frequent PTMs and plays a vital role in the function of proteins. Phosphorylation 
43
The study of cell signaling concentrates on the phosphorylation/dephosphorylation of proteins or kinases participating 44 in various signal transduction pathways. Biological studies using traditional biochemical and immunological
45
techniques often focus only on individual parts of cell signaling pathways and are unable to study new 46 phosphorylation sites (P-sites) if no antibodies are available [6, 7] . Over recent years, the development of 47 phosphoproteomics quantitative approaches for large-scale and systematic analysis of cell signaling, including TCR 48 signaling, has been improved [8] [9] [10] [11] [12] . Jurkat cells, including both the wild type and mutant clones, have been widely 49 used for studying T cell signaling in humans [13] . Different T cell signaling studies using Jurkat cells aimed to reveal 
55
These quantitative phosphoproteomics studies produced big datasets of regulated P-sites in response to T cell 56 activation and started out a new strategy using MS-based quantitative methods for systematic cell signaling studies.
57
This work presents a large-scale quantitative phosphoproteomics study of human Jurkat T cells, including the Jurkat 58 E6.1 (JE6.1 -wild type) and the Jurkat gamma1 (Jgamma1 -PLCγ1 null) clones upon costimulation with anti-
59
CD3/anti-CD28 antibodies. Our aims were to broaden current knowledge on the human Jurkat T cell phosphoproteome and to evaluate the effects of PLCγ1 on the phosphorylation dynamics of stimulated T cells for a 61 
77
Activation was stopped at assigned time points (15, 30, 60, 120 and 1440 min) by diluting cell cultures with 10-fold 78 excess of ice-cold PBS. The cell culture without antibody treatment (0 min) was used as the control.
80
Protein extraction and digestion
81
Cell pellets were suspended in lysis buffer (4% (w/v) SDS, 100 mM Tris/HCl, pH 7.6, 0.1 M DTT) and incubated at 95 82 o C for 5 min. To allow for complete cell disruption, the cell extract was sonicated 5 times for 5 s (Sonic Vibracell TM).
83
The cell debris was removed by centrifugation at 16000×g for 20 min at 13 o C. Protein concentration measurement
84
was performed with the Bradford Protein Assay (Bio-Rad, CA, USA). Five biological replicates from each clone were 85 processed.
86
Protein was digested with Sequencing Grade Modified Trypsin (Promega, Madison, WI, USA) using the FASP (Filter
87
Aided Sample Preparation) digestion protocol [16] . Briefly, 80 µg of protein corresponding to each time point were
88
loaded to a 10-kDa Amicon Ultra-0.5 centrifugal filter (Millipore, Watford, UK 
144
Combination of CID and HCD information for peptide identification and quantitation, respectively, provides an efficient 145 method for quantitative shotgun proteomics [20] . Due to the rich sequence information offered by the CID spectra,
146
CID is preferred for peptide identification to HCD in the Orbitrap XL. CID spectra, however, do not usually contain 147 information on the low-mass reporter ions due to the ion trap scan limitations. Contrarily, the higher fragmentation 148 energy of HCD and the absence of lower-mass limits make this method optimal for monitoring reporter ions. 
170
The location of P-sites was evaluated according to the Q-Ascore algorithm by using the Integrator software [25, 28] . 
182
Peptides were ordered using median and minimum number of peptides was set to 1 and maximum to 1000. 
232
According to the database matching strategy described in Experimental and elsewhere [24, 25] , hits detected from at 233 least two search engines were considered as positive identifications.
235
On average, we identified 2212 and 2078 non-redundant phosphopeptides per biological replicate in JE6.1 and
236
Jgamma1, respectively (Table S0 ). 
269
Cell activation was verified by Western blot analysis of two proteins involved in TCR signaling: the ribosomal protein
270
S6 and the extracellular signal-regulated kinase 1/2 (ERK 1/2) (data not shown).
272
Overall, we identified 378 phosphopeptides (matched to 332 phosphoproteins) containing regulated P-sites in JE6.1,
273
whereas only 71 phosphopeptides (matched to 71 phosphoproteins) containing regulated P-sites were detected in 274 Jgamma1 (Supplemental Table S4 279 phosphopeptides (matched to 27 phosphoproteins) were common to both cell clones (Fig. 2C) . The amino acid 280 distribution (S/T/Y) of regulated P-sites was similar to that observed from non-regulated P-sites in both cell clones.
281
Detectability of phosphorylation changes depends both in the detectability of the phosphopeptide (determined by the 
314
Proteins containing regulated P-sites in JE6.1 were mapped into 13 different functional KEGG pathways by using
315
DAVID analysis (Fig.3, p 
328
Another protein related with microtubule polarization in our collection was stathmin. It has been described that 
338
Spliceosomal proteins make up the largest group in both cell clones (Figure 3 
354
P-sites was found out in Jgamma1 (Fig. 4) . Notably, the only protein containing regulated P-sites (Lck) found in 
368
among the most important. The enzymatic activity of Lck is increased by the autophosphorylation on tyrosine-394 and decreased by the phosphorylation on tyrosine-505 by C-terminal Src kinase (CSK) [53, 54] . In this work, we detected 370 14 P-sites on Lck from both cell clones; 13 of them are high confidence based on the Q-Ascore algorithm (Table 1) .
371
Prominently, besides the previously described P-sites, we detected four high confidence P-sites on Lck for which 
398
showed no significant changes on the levels of total Lck over time ( Figure 5B ). To our knowledge, this is the first evidence of phosphorylation at Serine-121 on Lck, a novel P-site regulated as a late response to TCR costimulation 400 with anti-CD3/anti-CD28 antibodies.
402
Conclusions
403
We are reporting more than one hundred Jurkat phosphopeptides (130 and 114 peptides in the JE6.1 and Jgamma1
404
clones, respectively), from a collection of more than 2000 proteins, which were not previously described in the
405
PhosphositePlus database, probably the most comprehensive collection of phosphosites available.
406
Quantitative analysis showed a remarkably lower number of phosphopeptides containing regulated P-sites in the 
409
We discovered 4 high confidence novel P-sites on Lck in response to CD3/CD28 costimulation, of which serine-121
410
showed significant changes in JE6.1 while only small changes in Jgamma1. These differences, together with the fact
411
that Lck is a protein located upstream of PLCγ1 and that the observed phosphorylation takes place at long activation 412 times, suggest that serine-121 phosphorylation could be involved in activities different to those occurring at the early 413 stages of TCR-activation through the plasma membrane complexes. Further studies would be required to ascertain 414 whether this late phosphorylation event is related with the nuclear roles previously described for the protein. 
572
with the corresponding TMT reagents and the pooled material separated into 6 fractions by SCX chromatography.
573
Each fraction was subjected to sequential IMAC and TiO 2 chromatography and the resulting phosphopeptide 
